The detection of spoilage fungi and mycotoxins contamination in peanut cake product, popularly called ''kulikuli'' was investigated in this study. Forty five major markets were sampled and peanut cake products were analyzed for aflatoxins and ochratoxin A contaminations, and associated mycoflora. 
INTRODUCTION
Peanut cake products are one of the most important foods in the diet of the population, especially in rural areas. It is made from peanut after oil extraction. Previously, peanuts were exported from Benin, but nowadays it is consumed locally and also used in the preparation of food (peanut cake products) and for oil extraction. Peanut is one of the most important staple feed for the majority of the Benin population (Elisha, 2004; Egal et al., 2005; Jolly et al., 2009; Honfo et al., 2010) . Compared to other countries in western Africa *Corresponding author. E-mail: msoumanoufr@yahoo.fr. such as Senegal and Nigeria, peanut is an important source of food and constitutes an inexpensive source of protein, fat, minerals and vitamins in the diets of rural populations, especially children. It is consumed in the boiled or roasted form, and also as peanut cake product ('kulikuli') (Bankole et al., 2005) . However, the grain is vulnerable to contamination by mycotoxigenic fungi which include Aspergillus, Fusarium and Penicillium. Peanut contamination by fungi does not only reduce its quality but may also lead to mycotoxin production (Sultan and Magan, 2010) .
Mycotoxins are toxic secondary metabolites produced by fungi in agricultural products that are susceptible to mould infestations (Wagacha and Muthomi, 2008; Morenoa et al., 2009) . Aflatoxins B1, B2, G1, and G2 are produced by some strains of Aspergillus flavus, A. parasiticus and A. nomius (Cotty and Bhatnagar, 1994; Wild, 1996; Cardwell and Cotty, 2002) . Toxins are produced during production, harvest, transportation, storage and food processing (Murphy et al., 2006) . Recently, additional new aflatoxin-producing species was isolated from peanuts in Argentina (A. arachidicola sp. nov. and A. minisclerotigenes sp. nov. (Pildain et al., 2008) .
Mycotoxin attracts worldwide attention because of the significant economic losses associated with their impact on human health, animal productivity and trade (Hell et al., 2000 (Hell et al., , 2003 Fandohan et al., 2005; Wagacha and Muthomi, 2008) . Mycotoxins are known to be hazardous to the health of humans, in some cases directly causing illness and even death. Aflatoxins are implicated in liver cancer (JECFA, 1998; Wild and Hall, 2000) . It has been reported to impair childhood growth in children from Benin and Togo (Gong et al., 2002) . International Agency for Research on Cancer recognized aflatoxin B1 as a Class 1 human carcinogen (IARC, 1993) and about 4.5 billion people in developing countries are chronically exposed to the uncontrolled amounts of aflatoxins (Williams et al., 2003) . In Benin, several studies on contamination of peanut with toxin have been left out (Egal et al., 2005; Jolly et al., 2009; Ediage et al., 2011) . At the farm level, contaminated peanut may appear like normal kernels without any outward physical signs of fungal infection. Actually, there are a lot of advancements in analytical methods for aflatoxins; however, investigation methods by biomarker were also used in order to evaluate the level of contamination in the population (Gong et al., 2002) . The aflatoxin contamination in peanut has been associated with drought combined with high temperature, as well as insect injury (Betran and Isakeit, 2003; Craufurd et al., 2006) .
Poor harvesting practices, improper storage and less than optimal conditions during transport and marketing of peanut cake products can also contribute to fungal growth and proliferation of mycotoxins (Bankole et al., 2005; Wagacha and Muthomi, 2008; Mutegi et al., 2009) . In food manufacturing, destruction of mycotoxins by conventional food processing is difficult because they are typically highly resistant (Murphy et al., 2006) .
The present work aimed to determine the level of aflatoxins and associated fungi species in peanut cakes product marketed in Benin.
MATERIALS AND METHODS

Collection of samples
Samples of peanut cake product (kulikuli) were collected in the main markets of 14 localities (the major sales depot of kulikuli) in Benin. A total of 45 different markets were investigated, and samples were purchased from five different sellers in each market, Adjou et al. 14355 Peanut shelled and were mixed together to give a composite samples from each market which were used for the analysis. The samples were later ground in a blender and stored at 4°C until analysis. For each parameter, sample determinations were made in triplicate. Peanut cake products collected from markets were obtained through peanut processing. The processing of peanut to peanut cake product was performed as follows: peanuts were ground and pound until a smooth paste was formed; water was then added to the paste and mixed thoroughly, and this resulted in a separation of phases. The oily layer (upper phase) was scooped away. Enough water was added to remove most of the oil. The processed peanut was later shaped into balls and fried in oil, until a fairly brown color was obtained (Figure 1 ). Spices could also be added just before frying. These peanut balls (peanut cake product) were later kept at room temperature and marketed.
Sorting
Microbiological analysis
For microbiological analysis, 25 g of each sample and 225 ml of peptone water was added and homogenized. From the initial concentration, appropriate decimal dilutions were prepared and aliquots were plated in duplicates on various media. Plate count agar was used for the total bacterial count. Plates were incubated at 30°C for 72 h. Desoxycholate was used for the total coliforms count and plates were incubated at 30°C for 24 h. Desoxycholate was also used for the faecal coliforms count. In this case, plates were incubated at 44°C and the identification was made using Eosine methylene blue (EMB) medium. Tryptone sulfite neomicin agar was used for anaerobic sulfito-reducer (ASR) count, and tubes were incubated at 37°C for 24 h. After incubation, the number of colonies was tracked, using a colony counter. The number of bacteria expressed as Colony Forming Units per gram (CFU/g) was then determined by calculation, bearing in mind the factors of dilution. All media used for microbiological analysis were prepared as indicated by the manufacturer.
Fungal isolation and identification
The isolation of fungi from samples was performed using dilution plating method. 10 g of each peanut cake sample were added separately to 90 ml of sterile water containing, 0.1% peptone water. This was thoroughly mixed to obtain the 10 −1 dilution. Further, 10-fold serial dilutions up to 10 −4 were made. 1 ml volume of each dilution were separately placed in Petri dishes, over which, 10 to 15 ml of potato dextrose agar amended with 60 μg/ml chloramphenicol (PDAC) was poured. The plates were incubated at 28 ± 2°C for 7 days. Fungal isolates from PDA were sub-cultured on malt extract agar (MEA), and identification was carried out by using a taxonomic schemes primarily based on morphological characters, using the methods described by Singh et al. (1991) .
Determination of aflatoxins in peanut by screening test
A screening test based on monoclonal antibodies was experimented in triplicate, using commercial kits (AFLACARD® Total) manufactured by R-Biopharm Rhone Limited. Analysis methodologies were performed strictly as indicated by the manufacturer (extraction, purification, concentration and detection). This screening procedure is intended to serve as an indicator of the presence of aflatoxin at levels of 4 ppb.
Quantitative mycotoxins analysis
The LC-MS/MS method used in this study for quantitative mycotoxins analysis was similar to those optimized and validated recently by Ediage et al. (2011) .
Reagents and Preparation of standard solutions
All reagents (potassium chloride, phosphoric acid, hydrochloric acid) were of PA grade. All solvents (methanol, acetonitrile, propanol-2-ol, n-hexane and chloroform) were of HPLC grade. Double demineralized water was used for the preparation of all aqueous solutions. Standard toxins, AFB1, AFB2, AFG1 and AFG2 and ochratoxin A (OTA) were supplied by Sigma Chemicals. Standard solutions AFB1, AFB2, AFG1, AFG2 and OTA were prepared by dissolving 10 mg of AFB1, AFB2, AFG1 and AFG2 in 1 ml of methanol.
Samples preparation
All samples were solvent extracted and prepared, using previously published method for aflatoxins B1, B2, G1, G2 and ochratoxin A (Ediage et al., 2011) .
Chromatographic conditions
The column used was a 150 × 2.1 mm i.d., 5 μm symmetry RP-18, with a 10 × 2.1 mm i.d. sentry guard column of the same material (Waters, Zellik, Belgium). Mobile phases were methanol/5 mmol/l ammonium formate solution in water (20:80, v/v) (mobile phase A) and methanol/5 mmol/l ammonium formate solution in water (90:10, v/v) (mobile phase B). The flow rate was 0, 3 ml/min and the injection volume was 20 μl.
Mass spectrometry conditions
Detection and quantification were performed with a Waters Acquity UPLC apparatus coupled to a Micromass Quattro Micro triple quadrupole spectrometer (Waters, Milford, MA, USA). The instrumental control and data processing utilities included the use of the Masslynx 4.1 software. The mass spectrometer analysis were carried out, using selected reaction monitoring (SRM) channels in positive electrospray ionization (ESI+) mode. The following were the instrumental settings: source and desolvation temperatures of 150 and 350°C, respectively; capillary voltage of 3.2 kV; and cone nitrogen and desolvation gas flows of 200 and 500 Lh -1 , respectively. The MS parameters for each mycotoxin were similar to those optimized and reported by Monbaliu et al. (2008) .
Statistical analysis
Experiments were performed in triplicate, and data analyzed were mean subjected to one-way ANOVA. Means were separated by the Tukey's multiple range test when ANOVA was significant (P  0.05) (SPSS 10.0; Chicago, IL, USA).
RESULTS AND DISCUSSION
Results of the microbiological analysis of the peanut cake samples from markets are given in (Table 2) . Table 3 shows the result of aflatoxins screening test, obtained using commercial kits (AFLACARD® Total) and the results after LC-MS/MS analysis. All samples showed aflatoxin B 1 concentration between 25.54 and 455.22 µg/kg. The OTA and different types of aflatoxins (AFB 1 , AFB 2 , AFG 1 , and AFG2) content in peanut cake were presented respectively in Tables 4 and 5 .
Peanut cake products are good sources of proteins (Akano and Atanda, 1990; Bankole et al., 2005) . However, the results obtained from microbial analysis of peanut cakes product show that they were contaminated with microorganisms of public health concern as for other commodities marketed in the same conditions (Aissi et al., 2009). The high total bacterial and coliform count may have been as a result of the low level of hygiene maintained during the processing and sale of peanut cake product. This includes the handlers, quality of ingredients used for dressing and the utensils. The openair exposure of products while they were displayed for sale can also serve as source of contamination. The detection of Escherichia coli and Klebsiella spp., which are enteric bacteria, confirmed the poor hygienic practice among handlers of products. The isolation of coliforms and other food pathogens (Clostridium spp.) from kulikuli, pose a serious threat to food safety, due to the fact that kulikuli are ready to eat foods, which are consumed without further processing. Similar results were found on the other street foods. The germs most identified in these foods were mainly Staphylococci and enterobacteria. According to Food and Agriculture Organization (FAO)/ World Health Organization (WHO) (1998), epidemological data in hospital showed a prevalence of 19% of diarrheal disease worldwide and bacterial diarrhea was estimated between 20 and 70% of the cases. The causes were related to poor hygiene found in the assessment of hazards and identification of critical points in the food processing chain (Leclerc et al., 2002 ). The results of aflatoxins analysis using kits AFLACARD ® show the presence of aflatoxins in peanut cake product, with a limit of detection of 4 ppb. For accurate quantification, the use of more efficient analytical methods is required and LC-MS/MS technique revealed very high levels of aflatoxins. The levels were 25.54 to 455.22 µg/kg for AFB1, 33.94 to 491.20 µg/kg for AFB2, 0.41 to 100.33 µg/kg for AFG1 and 22.04 to 87.73 µg/kg for AFG2, indicating that the preservation methods used by traders promote the growth of fungi and aflatoxin production in ''kuliklui'' or peanut from which the cake were made was infected by toxinogenic fungi, especially Aspergillus flavus and Aspergillus parasiticus. However, Ogunsanwo et al. (2004) has reported that positive correlations were between loss of aflatoxins in the peanut seeds and the roasting conditions. Indeed, seeds dryroasted at 140°C for 40 min resulted in 58.8 and 64.5% reductions in AFB1 and AFG1. Those roasted at 150°C for 25 min resulted in 68.5 and 73.3% reductions in AFB1 and AFG1, respectively. Roasting at 150°C for 30 min led to 70.0 and 79.8% reductions in AFB1 and AFG1, respectively. Siwela et al. (2011) also underlined the role of processing on potential reduction of toxin in peanut butter. This high contamination level is also similar to those obtained by other workers in Nigeria (Akano and Atanda, 1990; Adebesin et al., 2001) . Other works have revealed high levels of aflatoxins in Nigerian dry-roasted groundnuts. Aflatoxin B1 was found in 64.2% of samples, aflatoxins B2, G1 and G2 were detected in 26.4, 11.3 and 2.8% of the samples, respectively (Bankole et al., 2005) . These results are also in agreement with those of Fandohan et al. (2005) on the study of mycotoxin contamination in cereals during storage and those of Ediage et al. (2011) . Higher levels of aflatoxins have also been reported in other areas of the world (Nigeria: 20 to 455 µg/kg; Mozambique: 3 to 5500 µg/kg; Pakistan: 24 to 800 µg/kg; and Brazil: 5 to 22500 µg/kg) (Hüni et al., 1990) .
Locality investigated OTA content
According to Pittet (1998) , the mycotoxins produced by Aspergillus spp. are of greatest significance in peanuts; and peanut products include aflatoxins and ochratoxin A (OTA). In this study, the maximum amount of OTA detected in peanut cake products is lower than European Community limits (5 ng/g in raw cereal and 3 ng/g in processed food) (European Community, 2006) .
The coexistence of aflatoxins and ochratoxin A in peanut cake product should be taken into consideration as claimed by the European community (CEC, 1998) . This is particularly important in regard to possible synergism and additive effects of these mycotoxins. Such co-contamination has been previously observed with other food samples, such as wheat (Vrabcheva et al., 2000) , breakfast cereal (Pfohl-Leszkowicz et al., 2004; Molinie et al., 2005) or olives (El-Adlouni et al., 2006) . Therefore, special attention should be paid to certain critical points in the chain of processing, including sorting. Indeed, according to Hell et al. (2010) , sorting can remove a major part of aflatoxin contaminated units, but levels of mycotoxins in contaminated commodities may also be reduced through food processing procedures that may involve processes such as washing, wet and dry milling, grain cleaning, dehulling, roasting, baking, frying, and extrusion cooking. These methods and their impact on mycotoxin reduction was reviewed by Fandohan et al. (2008) .
Conclusion
This survey underlined the risk of contamination of peanut cake product by aflatoxigenic moulds and aflatoxins. Microbiological standards have not been established for processed peanut cake product in Benin. Due to the significance of the faecal-oral route transmission for many bacterial food-borne diseases, basic hygiene measures could assume a decisive importance in food safety management. It is also advisable that more attention (in the storage and selling methods) should be paid to its microbial quality and relevant quality control unit should be reactivated to assess the quality of the peanut kernels from which peanut cake and other products are made.
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